IGR J08408-4503 is a supergiant fast X-ray transient discovered in 2006 with a confirmed association with a O8.5Ib(f) supergiant star, HD 74194. We report on the analysis of two outbursts caught by Swift/BAT on 2006 October 4 and 2008 July 5, and followed up at softer energies with Swift/XRT. The 2008 XRT light curve shows a multiple-peaked structure with an initial bright flare that reached a flux of ∼ 10 −9 erg cm −2 s −1 (2-10 keV), followed by two equally bright flares within 75 ks. The spectral characteristics of the flares differ dramatically, with most of the difference, as derived via time-resolved spectroscopy, being due to absorbing column variations. We observe a gradual decrease of the N H , derived with a fit using absorbed power law model, as time passes. We interpret these N H variations as due to an ionization effect produced by the first flare, resulting in a significant decrease in the measured column density towards the source. The durations of the flares, as well as the times of the outbursts suggest that the orbital period is ∼35 days, if the flaring activity is interpreted within the framework of the Sidoli et al. (2007) model with the outbursts triggered by the neutron star passage inside an equatorial wind inclined with respect to the orbital plane.
INTRODUCTION
IGR J08408-4503 belongs to the class of the supergiant fast Xray transients (SFXTs), which are transient sources in high mass X-ray binaries (HMXBs) associated with blue supergiant companions (see e.g., Smith et al. 2006) . Several members of this class have been discovered since the launch in 2002 of the IN T EGRAL satellite, thanks to its monitoring of the Galactic plane performed with a large field of view and a good sensitivity at hard X-rays. Indeed, several of these transients are highly absorbed in X-rays, and previous missions had failed to detect them (see e.g. Sguera et al. 2005) . Two members of this class are X-ray pulsars: IGR J11215-5952 (Swank et al. 2007 ) and AX J1841.0−0536/IGR J18410−0535 (Bamba et al. 2001) . The X-ray spectra of SFXTs are very similar to those typically displayed by accreting X-ray pulsars, with a flat power law spectrum below 10 keV and a high energy cut-off around 10-30 keV (see Romano et al. 2008 , for the first truly simultaneous wide-band Xray spectrum of a SFXT, from 0.3 to 100 keV). This spectral similarity suggests that the other members of the new class of HMXBs probably host a neutron star, as well.
The emerging picture of the SFXTs as a class, especially thanks to more sensitive monitoring performed with Swift of four SFXTs [see Sidoli et al. (2008b) for the strategy of this on-going campaign], is that they sporadically undergo bright flares, up to peak luminosities of 10 36 -10 37 erg s −1 , with a duration of a few hours for each single flare. This bright flaring activity is actually part of a much longer duration outburst event, lasting days [see Romano et al. (2007) and Sidoli et al. (2008a) ]. Their longterm emission is characterized by a much lower intensity and flaring activity, with an average luminosity of 10 33 -10 34 erg s −1 (Sidoli et al. 2008b ). The true quiescence has been rarely observed, and is characterized by a very soft spectrum, with a luminosity as low as 10 32 erg s −1 (in't Zand 2005, Leyder et al. 2007 ).
IGR J08408-4503 was discovered on 2006 May 15, during a short bright flare with a duration of 900 s, reaching a peak flux of 250 mCrab in the 20-40 keV energy band (Götz et al. 2006 ). Anal-ysis of archival IN T EGRAL observations of the source field led to the discovery that IGR J08408-4503 is a recurrent transient, being also active on 2003 July 1 . The refined position with Swift/XRT (Kennea & Campana 2006) , during a Target of Opportunity observation (ToO) performed about one week after the discovery flare, allowed the confirmation of the association with a O8.5Ib(f) supergiant star, HD 74194, located in the Vela region (Masetti et al. 2006 ) at a distance of about 3 kpc. Optical spectroscopy of HD 74194 just a few days after the 2006 May 15 flare revealed variability in the Hα profile and a radial velocity variation in the He I and He II absorption lines with an amplitude of about 35 km s −1 . The study of three additional flares observed with IN T EGRAL and Swift by Götz et al. (2007) led these authors to suggest that the orbital period of IGR J08408-4503 is probably of the order of 1 yr, the spin period of the putative neutron star could be of order of hours, and the surface magnetic field is probably around 10 13 G. In this paper we report on the detailed data analysis of both the 2006 October 4 and the 2008 July 5 outbursts caught by Swift/BAT and followed up at softer energies with Swift/XRT. Ward et al. 2008) , respectively. On both occasions, Swift slewed to the target, allowing the narrow field instruments (NFIs) to be pointing at the target ∼ 1885 s and ∼ 130 s after the trigger, respectively. We note that this source is normally not detectable in the BAT Transient Monitor, but has shown a few untriggered outbursts over the past three years. Table 1 reports the log of the Swift/XRT observations used for this work.
OBSERVATIONS AND DATA REDUCTION
The XRT data were processed with standard procedures (XRTPIPELINE v0.11.6), filtering and screening criteria by using FTOOLS in the HEASOFT package (v.6.4). We considered both WT and PC data, and selected event grades 0-2 and 0-12, respectively (Burrows et al. 2005) . When appropriate (observations 00232309000 and 00316063000), we corrected for pile-up by determining the size of the PSF core affected by comparing the observed and nominal PSF (Vaughan et al. 2006) , and excluding from the analysis all the events that fell within that region. Ancillary response files were generated with XRTMKARF, and they account for different extraction regions, vignetting, and PSF corrections. We used the spectral redistribution matrices v010 in CALDB.
The BAT always observed IGR J08408-4503 simultaneously with XRT, so survey data products, in the form of Detector Plane Histograms (DPH) with typical integration time of ∼ 300 s, are available. Furthermore, event data were collected during observation 00316063000. The BAT data were analysed using the standard BAT analysis software distributed within FTOOLS. BAT maskweighted spectra were extracted over the time intervals simultaneous with XRT data (see Sect. 3.2) . Response matrices were generated with BATDRMGEN using the latest spectral redistribution matrices and the default computation method (METHOD=MEAN) accessing calibration parameters ) that are averaged over the entire BAT field of view (FOV). For our spectral fitting (XSPEC v11.3.2) we applied an energy-dependent systematic error, amounting to 4-5% through all the 15−90 keV energy band ). Inspection of the BAT FOV shows that no source substantially brighter than IGR J08408-4503 was visibile UVOT data were also collected simultaneously with the other instruments; however, due to the brightness of HD 74194 (LM Vel), the data were not usable in order to study the variability of the optical counterpart.
All quoted uncertainties are given at 90% confidence level for one interesting parameter unless otherwise stated. The spectral indices are parameterized as Fν ∝ ν −α , where Fν (erg cm
Hz −1 ) is the flux density as a function of frequency ν; we adopt
. Times in the light curves and the text are referred to their respective triggers.
ANALYSIS AND RESULTS

Light curves
For both observations 00232309000 (2006 outburst) and 00316063000 (2008), XRT light curves were extracted in several energy bands using the procedures described in Evans et al. (2007) . Mask-tagged BAT light curves were created in the standard 4 energy bands, 15-25, 25-50, 50-100, 100-150 keV, for observation 00316063000, and rebinned to achieve a signal-to-noise ratio (S/N) of 10. (Romano et al. 2008) . No significant variation in the 2008 BAT hardness ratio is evident (Fig. 2c) . Fitting the hardness ratio as a function of time to a constant model we obtain a value of 0.58 ± 0.11 (χ 
Broad-band spectra
For the 2006 October 4 outburst we extracted one BAT spectrum nearly simultaneous with the XRT/WT data set and performed a broad-band fit to an absorbed power law with an exponential cutoff. The XRT data were rebinned with a minimum of 20 counts per energy bin to allow χ 2 fitting, while the BAT data were rebinned to a S/N > 5. We fit in the 0.3-10 keV and 15-80 keV energy ranges for the XRT and BAT data, respectively, with XSPEC (v11.3.2). Similarly, we extracted a BAT spectrum simultaneous with the XRT/WT data (137-246 s) for the 2008 July 5 outburst. The best fit parameters are reported in Table 2 , while the spectra are shown in Figs. 4 and 5, respectively. We note that there are no BAT event data during the second and third flares of the 2008 light curve, since the source was already identified on-board as the current Automated Target and it did not reach the required count rate (twice the previous triggering rate plus 7 σ) to trigger the BAT again. We also note that the presence of a cutoff is required by the data, since the trend in the residuals of a simple power-law model clearly indicates the presence of curvature in the spectrum.
Time-resolved spectra
Upon examination of the light curve and the available counting statistics, we selected different time bins over which we accumulated spectra. For the 2006 data, we extracted one spectrum in WT mode and two in PC mode (observations 00232309000 and 00232309001 in Table 1 ). For the 2008 data, our time selections include (see Fig. 6a ,c, and Table 3 (33697-64903 s, orbits 7-12, PC2); iv) the second flare, (68429-70690 s, orbit 13, PC3); v) the rise of the third flare (74208-74462 s, orbit 14, WT4); vi) the decay of the third flare (74463-76477 s, orbit 14, PC5). The spectra were rebinned with a minimum of 20 counts per energy bin to allow χ 2 fitting (see Fig. 6c ). However, the Cash statistic (Cash 1979 ) and spectrally unbinned data were used, due to the low counting statistics, to fit the PC1 spectrum (the unbinned spectrum is not shown Fig. 7) . Each spectrum was fit in the 0.3-10 keV energy range, adopting an absorbed power law model. The best fit parameters are reported in Table 3 . Remarkably, we obtain significantly different fitting parameters for the data of the three flares, despite quite similar flux levels. Indeed, for the first one (WT1) we obtain a photon index ΓWT1 = 1.42 Fig. 7 (bottom) shows the contour levels for the column density vs. the photon index, which we created to investigate these spectral variations. As can be seen, the photon index range is restricted to Γ ≈ 1 ± 0.5, while the measured absorbing column varies by an order of magnitude with a definite trend for a decreasing NH as time goes by. It must also be noted that the 2006 spectra, taken about 2000 s from the trigger, are quite similar to these 'late' (PC3 onwards) spectra. We note the presence of a bump in the residuals at soft energies, around 1 keV (see Fig. 5 ). This feature, which has a variable contribution to the spectra and is stronger in WT1, is probably due to a combination of a slight spectral variability throughout the time interval during which the spectrum was accumulated (see Fig. 3d and 6b) , and some residual calibration uncertainties below 2 keV in WT data (Godet et al 2008) . We are however confident that the latter do not weaken our findings of a decreasing NH, since their effect is in the opposite direction and we shall not discuss this feature any further. 
DISCUSSION AND CONCLUSIONS
Multiple flaring behaviour
In this paper we report on two outbursts of the supergiant fast Xray transient IGR J08408-4503 observed by Swift on 2006 October 4 and 2008 July 5. During the 2008 outburst, a multiple-flare behaviour is observed so clearly in a SFXT, and for the first time with a large dynamic range, thanks to the good sampling of the source light curve. The 2008 outburst emission is composed of three main bright flares, each exceeding 10 36 erg s −1 , with a duration of a few hundred seconds. The flares are separated by ∼70 ks (between the first and second flare) and ∼4 ks (second to third flare).
Structured and complex peaks during outburst flares have already been observed in other SFXTs [see e.g. the flaring activity observed during the brightest phase of the outburst in IGR J11215-5952 ), or the several flares caught in XTE J1739-302 with Swift (Sidoli et al. 2008a ), and with INTEGRAL at different epochs (Blay et al. 2008) ]. However it has never been observed spanning almost three orders of magnitude in flux, as found between the first two flare peaks in 2008 (WT1 and PC3 data set in Fig. 6 , exceeding 10 counts s −1 ) and their interflare emission (PC1, which goes down to ∼ 0.01 counts s −1 ). The hardness ratios (Fig. 3d and 6b) show an anticorrelation with the Table 3. source intensity, and our time-selected spectroscopy demonstrates that this evolution is produced by a change in the absorbing column density, instead of a change in the source spectrum (Fig. 7) . In particular, there is evidence for a progressively decreasing column density with time (also during the low intensity emission of the part PC2 of the light curve). This is strongly suggestive of a ionization effect produced by the first flare, resulting in a significant decrease in the measured column density towards the source. During the first flare in 2008 BAT events were also available and a broad band spectrum could be extracted (see Table 3 ); however, during the second and third flares BAT did not trigger (see Sect. 3 .2) and the source was only detected at the ∼ 6σ level in survey data, so no broad band coverage is available. The broad band spectra during the two flares in 2006 and 2008 are significantly different, especially as far as the absorbing column density is concerned, which was about 20 times higher in the first flare in 2008 than during the 2006 flare [where the absorption is consistent with the interstellar value of 3×10 21 cm −2 derived from the optical extinction to the optical counterpart HD 74194 (Leyder et al. 2007) ]. We note that the 2006 flare spectrum was extracted about 2000 s after the BAT trigger; Swift made a delayed slew to the source, too late to catch the peak of the first flare which triggered the BAT. This implies that the low column density observed during the 2006 flare is probably so low when compared with the first 2008 flare (WT1, a Unabsorbed 2-10 keV flux in units of 10 −10 erg cm −2 s −1 .
b Cash statistics Cstat, and percentage of realizations (10 4 trials) with statistic > Cstat.
taken only 137 s after the BAT trigger), only because of the ionization effect caused by the flare that triggered the BAT (and not observed by XRT). This suggests that, during extended bright flaring activity, it is not possible to directly derive the mass of the clump which is supposed to produce the enhanced accretion luminosity, in the framework of the clumpy stellar wind model (Walter & Zurita Heras 2007) , because part or all of the accreting material could have been ionized by a previous bright flare (as in 2006, where the presence of a precursor flare is deduced from the fact it triggered the BAT).
The broad-band spectrum during the 2006 flare is well fitted with a power law with a high energy cutoff at ∼ 11 keV. This is compatible with a surface magnetic field of a typical X-ray pulsar (Coburn et al. 2002) , around 10 12 G, much lower than that suggested by Bozzo et al. (2008) , or by Götz et al. (2007) .
The inter-flare emission is highly variable, showing a trend with an average decreasing flux after the first flare (for about 10 ks), then continuously increasing by an order of magnitude (with a low intensity flaring activity, see PC2 part) up to the second flare. The spectrum in this lower intensity inter-flare emission is well fitted with a hard power law with a photon index of ∼1, which implies that accretion is still present. The true quiescence has been observed by Leyder et al. (2007) , and displays a much softer spectrum and a lower luminosity around ∼10 32 erg s −1 . This inter-flare emission is probably due to the accretion of inter-clump medium, implying a density (and/or a velocity) contrast in the supergiant wind of at least 10 3 , which is not unusual in line-driven winds. Indeed, in recent years evidence has been accumulated that hot stellar winds are not smooth, as previously thought, but highly inhomogeneous [see, e.g., Oskinova et al. (2007) and references therein], thus implying important consequences, for example, in the mass loss rate determination, and also in the stellar evolution.
Clumpy winds model: an estimate of the neutron star distance from the supergiant companion
This new Swift data set interestingly allows to accurately determine the flare duration, particularly of the second (PC3 data) and third flares (WT4/PC5). Fitting their light curves with Gaussian profiles, we derive a FWHM of 370±20 s and 500±30 s, respectively. These durations can be used to derive information about the distance of the neutron star from the supergiant companion during the outburst, since the clump sizes increase with the distance from the supergiant star, as follows. The size of a clump is determined by the balance pressure equation. Following Lucy & White (1980) and Howk et al. (2000) , the average density of a clump is:
where ρw(r) is the density profile of the homogeneous (interclump) wind, aw and ac are the inter-clump wind and the clump thermal velocity, respectively: a , where k is the Boltzmann constant, Tw and Tc are the temperatures of the inter-clump wind and of the clump, respectively. The constant Cρ = 0.29 accounts for the confining effect of the bow shock produced by the ram pressure around the clump (Lucy & White 1980) , while ω is the relative velocity between the wind and the clump (ω = vw − vc).
Wind structure simulations show that the average relative velocityω is ∼ 5 × 10 7 cm s −1 , the average clump temperature is Tc ∼ 10 5 K, the average temperature of the homogeneous interclump wind isTw ∼ 10 7 K (Runacres & Owocki 2005) . Adopting these values for Tc, Tw, ω, and µ = 1.3 (for solar abundances), we obtain:
Since the density radial profile ρw(r) of the homogeneous inter-clump wind is:
where ROB is the radius of the supergiant (ROB=23.8 R⊙, Vacca et al. 1996) , then from equations (1), (2), (3) we obtain:
whereρc(ROB) = ρw(ROB) × 200. Assuming a spherical geometry for the clumps, it is possible to obtain the expansion law of the clump from equation (4):
where v0 = v(ROB) is the initial velocity of the clump at the surface of the supergiant, which can be assumed v0=10 km s −1 (Castor et al. 1975) . For v(r) we consider the standard β law for the velocity profile in line-driven winds, with a terminal velocity of 1900 km s −1 and an exponent β=0.8. The flare duration t is linked with the thickness of the clump, therefore
where we assumed Rc(ROB) ≈ 2×10 9 cm; thus, flare durations of the order of ∼500 s can be produced at a radial distance of ∼5 ROB (or 10 13 cm), which implies an orbital period of ∼35 days, assuming a companion mass of 30 M⊙. This estimate is in agreement with that obtained by Leyder et al. (2007) , but is significantly shorter than what calculated by Götz et al. (2007) .
The orbital period and the outbursts double periodicity
We note that the first three outbursts reported in literature (on 52821 MJD, 53870 MJD and 54012 MJD) are indeed spaced by a multiple of 35 days (30 and 34 cycles, respectively, after the first observed outburst on 52821 MJD). On the other hand, the 2008 outburst (54652 MJD) does not occur strictly after an integer number of cycles with this assumed period. This suggested to try different combinations of two numbers (two sub-periods P1 and P2, such that P=P1+P2=35 days), to test the possibility, suggested in Sidoli et al. (2007) , that the SFXTs outbursts occur with a double periodicity, when the neutron star crosses the equatorial wind of the companion twice along the eccentric orbit (see their fig. 9c ). In this hypothesis, the times of the n th outburst is given by tn=t0+(n1 P1)+(n2 P2). Among the several couples of numbers we tried (with sum equal to 35 days), we find that P1=11 days and P2=24 days well account for all the four reported outburst times (calculated with n1=n2=30, n1=n2=34 and with n1=53 and n2=52, respectively for the three outbursts, assuming t0=52821 MJD), within an uncertainty of 1 day.
IGR J08408-4503 in the SFXT context
The multiple flares we observe here, reaching similar peak luminosities, cover about one day of bright outburst emission and are then followed by lower X-ray emission in the subsequent days, similar to what we already observed in four other SFXTs with Swift (see Fig. 8 ). The three flares observed here so close in time, after a long period during which no bright flares have been observed, are suggestive of the fact that the neutron star is probably crossing a region of higher average density of the wind, compatible with the model we proposed for IGR J11215−5952 . In this hypothesis, the outbursts in SFXTs are produced when the neutron star crosses an equatorially enhanced region of the supergiant companion, which is inclined with respect to the orbital plane. The different flares then are probably produced by inhomogeneities in the structure of the wind, which, in our proposed model, is anisotropic, showing a preferential plane along the equator of the supergiant companion. This could explain why the flares happen in a preferential region of the neutron star orbit, displaying a particularly high X-ray flare rate. New observations during the next outbursts are crucial in order to test this hypothesis and to confirm whether multiple outbursts are indeed a usual property (Sidoli et al. 2008b) , which is more complete than the one observed in 2008 (Romano et al. 2008) . The IGR J11215−5952 light curve has an arbitrary start time, since the source did not trigger the BAT (the observations were obtained as a ToO; Romano et al. 2007) . The data on XTE J1739−302 and IGR J17544−2619 are presented in Sidoli et al. (2008a) . Note that where no data are plotted, no data were collected. For clarity, we drew dashed vertical lines to mark each day (up to one week) since the trigger.
of this (and other) SFXTs, and if there is indeed an orbital phase dependence of the X-ray flare rate.
